Introduction
The Electromagnetic Dispersion Relation
The propagation of microwaves in waveguides containing plasmas has already been studied extensively in the literature of the last decade. For a bibliography we quote Ref. 1 > 2 .
The early work of TRIVELPIECE and GOULD 3 Restricting ourselves to non-magnetized plasmas in cylindrical waveguides the simplest w r ay to account for plasma inhomogeneity is to assume a profile of the dielectric constant given by 7 e(r) = fei = 1 -calico 2 I £2 = 1 for 0 fS r a for a <r ^b (1) where a and b are the radii of the plasma core and the waveguide respectively. We have neglected collisions and thermal motion of the electrons.
Under these assumptions the (o(k) dependence is obtained from the solution of a boundary value problem discribed in textbooks 8, 9 .
Following the methods outlined in i>8,9 one can solve Maxwell's equations for the dielectric profile given by Eq. (1). The following set of equations determines the components of the wavenumber vector in the two dielectric regions. (11) are shown in Figs, la and lb.
Since co/cop is now known for given t it is easy to obtain the axial wavenumber from Eq. (3)
The three last equations are an explieite representa- For £2+1 k 2 as defined by Eq. (8) will be given by
In order to apply curves of the kind shown in 
Cut-off (kz = 0)
For kz = 0 Eqs. (2) to (4) 
The corresponding values of kz are given by Eq. (3) for £2=1 Close to resonance the large imaginary parts of k\ and k2 produce strong skin effect close to the plasma surface (surface waves).
The different character of the two types of modes above and below resonance is illustrated in Fig. 2 for m = 1. The two lowest waveguide-modes are labelled according to their behaviour at cut-off.
Whereas for co > eop the electric field is stronger inside the plasma than on the outside the opposite is true for co < a)p/|/2. Close to resonance the electric field is predominantly a short range field between narrow accumulations of surface charges.
For m = 0 the fields have circular symmetry and the cut-off for the plasma guide mode is at co -0.
Otherwise the behaviour would be similar.
Group velocity
In many respects not only the phase velocity 
Effective dielectric constant
For practical considerations we can think of a homogeneous medium filling the waveguide completely and replacing the two dielectric zones in the sense that it produces the same kz. This medium is then said to have the dielectric constant £eff:
where kc is the cut-off wavenumber of the empty waveguide. Setting £2 = 1 we can define an "effective" average plasma frequency (co 2 ) by
Discussion of the Lowest Modes
The m = 0 modes waveguide:
i.e. in a diagram like that of Fig. 1 w r e would obtain a straight line parallel to the free-space propagation line and its cut-off frequency would be given by
The plasmaguide resonance at co 2 = co 2 /2 is absent for these modes and from Eqs. (25) and (30) we conclude 0 = 0.
Electric (TM) modes are obtained for
Setting £i = l -cop/co 2 , = 1 we can solve for co 2 1 co 2 in the form
upon substituting Eqs. (5), (6), (9), and a = a/b, one obtains the result,
which would follow also from Eq. (11) for m = 0. 
o) 2 /co 2 <2 or "plasmaguide modes'''
These modes which we termed after Ref. (2), (3) and (10) f)2jc2_>_b2jc2= _s2j
(quasistatic approximation). 
The m = 1 modes
1 -£cff = <cu 2 >/co 2 = A0(a>pla)) 2 ,
and we have seen earlier that <5 vanishes for all magnetic modes with m = 0. (27) and (25) 
where the coefficients B are given in Table 3 . 
Conclusions
The dispersion of a partly cold plasma filled circular waveguide has been studied by numerical 
